Experimental methods

Physical measurements
FTIR spectra (KBr) were recorded on Nicolet IS50 Fourier transforms infrared spectrometer. 
Molecular simulations
Molecular simulations were carried out by Material Studio 8.0 software using the COMPASS force field implemented in the forcite module. According to the powder diffraction pattern of CTFs, the interlayer distance was derived. After atoms were introduced into the structural unit cell, geometry optimization was performed so as to obtain the optimal periodicities. The resulting hexagonal unit cell parameters for CTF-0 is a, b = 7.3 Å and c = 3.4 Å, while it is a, b = 14.6 Å and c = 3.4 Å for CTF-1. After the geometrical energy minimization, simulated energies for CTFs and K + incorporated CTFs were obtained.
Synthesis of CTFs
All staring solid materials and solvents were obtained commercially and used without further purification. CTFs was synthesized following the previous literature 1, 2 . In a typical experiment, a mixture of 1,3,5-tricyanobenzene (p-dicyanobenzene) and desiccated ZnCl 2 was heated to 400 °C for 40 h in a flame-sealed quartz ampule under vacuum to fabricate the CTF-0 (CTF-1). After cooling to room temperature, the resultant powder was ground thoroughly and washed with water and 0.1 M HCl under vigorous stirring. Finally, the obtained product was successively washed with water, DMSO, and acetone for several times and dried in a vacuum oven at 150 °C for 12 h.
Electrochemical experiments
The anode slurry made by mixing 70 wt% active materials (CTF-0 or CTF-1), 20 wt% acetylene black (Sigma Aldrich), 10wt% carboxymethyl cellulose sodium (CMC) binder in deionized water casted on an copper foil and then dried at 60 °C for 12 hours in vacuum. The loading density of the anode active material was around 1.0 mg cm -2 . The metallic K (purchased from the Aladdin) was used as both the anode and reference electrode. The batteries were assembled by using the CR2032 coin-type cells and glass fiber (Whatman 934-AH (1827-866)) as the separator in the glove box with Ar atmosphere (water content < 0.1 ppm, oxygen content < 0.1 ppm). The electrolyte was 0.8 mol•L -1 KPF 6 in a mixed solvent of EC/DEC (1:1 vol%, purchased from the DoDoChem). Galvanostatic charge-discharge (GCD) was performed using an LAND CT2001A system at 25 °C at various current density with the potential window of 0.01-3.0 V. Cyclic voltammetry (CV) measurements were conducted on a CHI750e electrochemical station. The electrochemical impedance spectroscopy (EIS) tests were measured at a VersaSATA 3 (Princeton Applied Research) electrochemical station (frequency range 0.1-10 5 Hz, amplitude 5mV). The Galvanostatic intermittent titration technique (GITT) tests were conducted using the Arbin-BT2000 and the current pulse of 50 mA g -1 was used for 12 min, followed by a rest of 4 h.
